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We have isolated and purified a glycoprotein from the corpuscles of  Stannius (CS) of 
trout,  which we consider  hypocalcin (also called teleocalcin),  the major hypocalcemic 
hormone of  fish. This product is present in relatively large amounts  in the CS of  several 
species (i.e., European eel, tilapia, goldfish, and carp). Hypocalcin is typically released from 
the CS in r e s p o n s e  to an e x p e r im e n ta l ly  induced  in c rea se  o f  the  b lood  ca lc ium  
concentrat ion.  Ultrastructural observations show that after this treatment the type I cells, 
reportedly the hypocalcin-producing cell type of  the CS, are almost completely degranu­
lated. The isolated glycoprotein has an apparent molecular weight of 54 kDa as determined 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.  This molecule appears  sus­
ceptible to breakdown and is recovered upon concanavalin-A affinity chromatography as a
41 kDa product.  Reducing agents such as mercaptoethanol or dithiothreitol employed,  e.g.,  
during standard electrophoret ic  techniques or during amino acid sequence analysis,  allow 
only the recovery of 28 or 18 kDa products .  Evidence is given that the 54 and 41 kDa 
produc ts  are d imer  molecules ,  with the 28 and 18 kDa produc ts  as their  respect ive  
monomeric  consti tuents .  The sequence of the first 33 N-terminal amino acids of  these 
products and the composition of the sugar component are presented. © 1988 Academic Press, inc.
C o r p u s c l e s  o f  S t a n n i u s  ( C S )  a r e  
e n d o c r i n e  g la n d s  c h a r a c t e r i s t i c  o f  ho- 
lostean and te leostean fish. Since their dis­
covery  by Stannius (1839) a large body of  
histological research  on the CS of  many fish 
sp ec ie s  has been  ca r r ied  ou t  (B a u ch o t ,  
1953; K r ish n am u r th y ,  1976; K rishnam ur-  
thy and Bern, 1969; W endelaar  Bonga and 
Pang, 1986). CS produce a factor that p rob­
a b ly  is the  p r e d o m in a n t  h y p o c a lc e m ic  
h o rm o n e  in fish. Removal o f  the glands 
results  in a strong increase in blood calcium 
concen tra t ion  (e.g.,  Fontaine ,  1964) that is 
r e v e r s e d  by r e i m p l a n t a t i o n s  o f  CS o r  
injections o f  CS tissue hom ogenates  (F on­
taine, 1967; Pang, 1973; Pang et a l . f 1973, 
1974). Since the gills p robab ly  form the
major site o f  ca lc ium  exchange  be tw een  
fish and water ,  inhibition of  branchial ca l­
cium up take  may underlie  hypoca lcem ic  
control (Fenwick ,  1987; So and Fenw ick ,  
1977, 1979).
There  exists immunological resem blance  
be tw een  the hypocalcem ic  principle of  CS 
and the parathyroid  horm one  (PTH) o f  the 
h igher  v e r t e b r a t e s  ( L o p e z  et at . ,  1981, 
1984; Milet et cil. , 1982). M oreover ,  the CS 
hypocalcemic principle has similar b ioac­
tivity as PTH in mammalian  and fish b ioas­
says (Lafeber  et cd., 1986a, c; Milet et al., 
1980; V e r b o s t  et cil., 1986; W e n d e l a a r  
Bonga et a l . y 1986). Although W agner  et cd. 
(1986) reported  on a hypocalcem ic  principle 
isolated from salmon, still much w ork  has
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to he done on the identity and mechanism
J
of  action of  the hvpocalcemic principle in 
fish.
CS o f  f re shw ate r  and euryhaline species
coprote in  showing im m unocross-reac t iv i ty  
with chrom ogranin  A antisera  and SP-1 (a 
secre to ry  g lycopro te in  from the p a ra th y ­
roid cells) antisera  was suggested to be co-
contain two different cell types,  type 1 and secre ted  with PCS (T isse rand -Jochem  et
type 2 cells; the latter is absent in most 
seaw ate r  species (see review by W endelaar  
Bonga and Pang, 1986). The fact that type I 
cells respond to changes in external calci­
um has led many researchers  to postulate 
that these cells produce the hvpocalcemic 
f a c to r  (M e a ts  et al . ,  1978; W e n d e l a a r  
Bonga ei al., 1980; W endelaar  Bonga and 
Pang, 1986).
In 1976 K rishnam urthv  sumzested, on the 
basis o f  histological staining by periodic 
acid Schiff  reagent,  that the type 1 cells 
con ta in  a g lycopro te in .  In 1978 Ma and 
Copp isolated a 3 kDa glycopeptide from 
salmon CS which they called teleocalcin: it 
was reported  to be bioactive in vitro, by 
inh ib i t ion  o f  b ran ch ia l  C a : ' - s t im u la ted  
ATP hydrolyzing activity, and in vivo, bv
J J  ~
its hvpocalcemic action in eel (Copp et al., 
1985). Pang and co-w orkers  (1981), how ev­
er. conc luded  from dialysis  ex p e r im en ts  
that the bioactive factor  o f  the CS o f  cod, 
which was called hypocalcin (Pang et al., 
1974), w as  a p ro d u c t  with a m o le c u la r  
weight of at least 13 kDa. Fenwick (1982) 
provided ev idence  that the hvpocalcemic 
principle of  eels had a molecular weight of 
at least 10 kDa. In our  hands (W endelaar  
Bonga et al., 1985) the hypocalcemic prin­
ciple of  tilapia appeared  as a 28 kDa prod­
uct w hen  an a ly zed  w'ith e le c t ro p h o re t ic  
techniques.  Recently,  W agner  et al. (1986) 
succeeded  in purifying and characteriz ing a 
39 kDa glycoprotein from salmon CS which 
show ed inhibition of 4>Ca uptake from the 
w ater  in juvenile  rainbow trout. The group 
of  Milet et al. (1986) how ever ,  postulated 
the presence  of  two secre to ry  substances  in 
the CS. A 34 kDa peptide, which is called 
para thyr in  o f  the co rpusc les  of S tannius  
(PCS), was partly purified and showed hy­
pocalcemic bioactivity in s tanniectomized 
eels (Milet et al., 1986). A 70-80 kDa gly-
<//., 1986; Lopez  et al., 1986).
In this paper  we report  on the purifica­
tion and partial identification of ra inbow  
trout hypocalcin. It will be shown that trout 
hypocalcin is a 54 kDa g lycoprote in ,  that is 
readily released upon increased plasma cal­
cium levels.
MATERIALS AND METHODS
Stannius tissue hom ogenates . CS were obta ined 
from rainbow trout (Sul/no gairdneri), brown trout 
iSalmo trm ta ), European eel (Anguilla angnilla), tila­
pia (Oreochromis niossambicus). goldfish iCarassius 
auratus). and carp (Cvprinus carpio). The glands were 
homogenized in 0.05 M  ammonium acetate  (pH 7.4) 
using a Potter  homogenizer  tilted with a Teflon pestle,
i he supernatant  obtained after  centrifugation (5 mm; 
9000#) was lyophilized and prepared for sodium do- 
decyl  s u l f a t e - p o l y a c r y l a m id e  gel e l e c t r o p h o r e s i s  
(SD S-PA G E )  (see below).
Calcium injection. Rainbow trout and European eel 
were injected in traperi toneal ly  with 0 . 6 8  M  CaCU 
solution ( 1 0 0  (jlI/ 1 0 0  g fish/day) for 2  days.  Injections of  
NaCI s o lu t i o n s  o f  id e n t ic a l  m o la r i t v  s e r v e d  as 
controls.  Four  hours after the last injection blood was 
collected by puncture  o f  the blood vessels  o f  the 
caudal peduncle using a heparinized syringe (Ca: > - 
hepar in .  Radiom eter ) .  S u b seq u en t ly  the CS w ere  
removed and prepared for S D S -P A G E .  Blood was 
an a ly zed  for  ionic ca lc ium  and  pH ;  p la sm a  was  
analvzed for total calcium and osmolality.  From every
• J  J
fish, part of the CS tissue was fixed and stained for 
e le c t ro n  m ic ro s c o p y  as d e s c r ib e d  by W e n d e la a r  
Bonga et al. (1980). For the discrimination between 
type 1 and type 2  cells structural parameters  as d e ­
scribed bv Wendelaar  Bonga et al. (1980) were used.
A naly tica l  m ethods .  P la sm a  total  ca lc ium  and  
phosphate was determined with a commercial  calcium 
kit (Sigma). Combined calcium/phosphate  s tandards  
(Sigma) were used as a reference.  Protein content  was 
est imated with a commercia l  reagent kit (Bio-Rad) 
using bovine serum albumin (Bio-Rad) as a reference. 
Blood ionic calcium concentra t ion and blood pH were 
determined using an automated ionic calcium analyzer  
(Radiometer).  Osmolality was measured  using a Roe- 
bling microosmometer .  Distilled water  and an o sm o ­
lality standard of  300 mOsmoI/kg (Sigma) were used as 
standards.
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S D S —polyacrylam ide gel electrophoresis.  S D S -  
PAGE was performed according to Laemmli (1970) 
with 15% polyacrylamide slab gels. To investigate the 
effects of  reducing agents on the CS principle. S D S -  
PA G E was carried out under  reducing conditions (with 
mercaptoethanol)  or  nonreducing conditions (without 
mercaptoethanol) .  After fixation of  the proteins in the 
gels by methanol and glutaraldehyde.  the gels were 
silver-stained (Morrissey,  1981). Data were quantified 
by dens i tometer  scanning using a Bio-Rad Model 1650 
transmit tance scanning densitometer .
Isolation procedure. The isolation of the hypocalce- 
rnic principle from C’S homogenates  was started with 
concanavalin A -Sepharose  4B column chromatogra­
phy (Sigma; 1.77 c n r  x 5 cm). The column was equil­
ibrated with 0.015 M  Tris buffer, pH 7.4, containing i 
m M  each MnCI: , MgCU, and CaCl2, and I A7 NaCl 
(Con A buffer) according to Roelfzema and Van Erp 
( 1983): the flow was 15 ml/hr at 4°. Lvophiiized whole 
glands of  rainbow trout were kept in stock at 20°. A p­
proximately 100 mg dry wt tissue (equivalent to 400 mg 
wet wt obtained from 40 kg trout) was homogenized in 
3 ml Con A buffer with a Potter-type homogenizer  
fitted with a Teflon pestle. The supernatant  obtained 
after  centrifugation (5 min: 9000") was applied to the 
column and passed three times through the column by 
short-circuitiniz the system. Products  not bound to 
Con A (residue) were eluted with Con A buffer. The 
product binding to Con A were eluted with 0.3 M 
a-methvl-D-glucoside in Con A buffer (isolated prod­
uct).
Desalting and concentrat ion of eluted material were 
carried out bv ultrafiltration (Amicon Inc). Diatlo YM-
10 m em branes  were used for the Con A binding mate­
rial and YM-5 membranes  for the residue. Ultrafiltra­
tion was  carr ied  out at 4° in 180-ml s t i rred celis 
opera ted  at 2.6 MPa N : . After the volume of the elu- 
ates had decreased to about 1 0  ml. the ultracentrifu­
gation celis were  refilled with am m onium  ace ta te  
buffer (0.05 M; pH 7.4) to 180 ml: this procedure was 
repeated three times. By so doing the Con A buffer 
was diluted over  a thousand times. T he remaining 1 0  
ml was lvophiiized in fractions as required for assays 
and subsequently  stored at - 2 0 ° .  S D S -P A G E  of  the 
samples was routinely carried out as a quality check 
for product composit ion.  The samples containing the 
presumed hypocalcemic principle proved to be pure 
for at least 95% on protein basis.
H PL C  analysis of the Con A binding fraction was 
carried out using a C hrom Spher  C-18 reversed-phase 
H P L C  column (Chrompack).  Elution was performed 
with an ace ton i t r i lc  g rad ien t  (0-50%) in a buffer  
containing sod ium-potass ium tartrate (5 mM; pH 3.0), 
N a 2 S 0 4  (50 mM), and butanesulfonic acid (5 mM): the 
flow was I ml/min. Eluted material was detected with 
a Spectraflow 783 absorbance detector  at 280 nm. The 
fraction containing a significant amount o f  protein was
collected. Freeze drying and tr ichloroacetic acid pre­
cipitation methods were used to remove acetonitrilc 
and salts from this sample before S D S -P A G E  was 
performed.
A m in o  a c id  s e q u e n c e  a n a ly s is .  A m i n o  a c id  
sequences were determined at the Gas Phase Sequena- 
tor Facility (Department o f  Medical Biochemis try .  
State University of  Leiden. The Netherlands) .  The 
instrument used was an Applied Biosystems Model 
470A protein  seq u e n c e r ,  on-line equ ip p ed  with a 
Model I20A PTH analyzer.  Pyridyl-ethylation (Fried- 
man el al.,  1980) w as  c a r r i e d  out  fo r  c v s t e i n c
m
identif icat ion.  Amino acid seq u en ce  ana lys is  was  
carried out in the presence of the reducing agent di- 
thiothreitol.
Carbohydrate analysis. Carbohydra te  analysis  o f  
the isolated protein was performed at the University of  
Alberta.  Department of Physiology, according to Dut­
ton et al. (1978). Data were quantified by gas-liquid 
ch rom atography-m ass  spectrometry ,  using xylose as 
an internal s tandard.
Statistical analysis. Data are presented as mean val­
ues ± SD. Statistical evaluation was performed by the 
use of the unpaired S tuden t 's  t test. Significance was 
accepted at P <  0.05.
RESULTS
I d e n t i f i c a t i o n  o f  I h e  h y p o c a l c e m i c  
f a c t o r .  F ig u r e s  1 a n d  2 s h o w  ty p ic a l  
exam ples  of densi tom etr ic  scans of silver-A
stained products ,  after  S D S -P A G E  under  
reduc ing  co n d i t io n s ,  p re sen t  in a c ru d e  
tissue hom ogenate  of CS of  six different te- 
leost fish. A product  with an apparen t  m o ­
lecular weight of approxim ate ly  28 kDa was 
consistently  observed .  In Fig. 2 it is shown 
for trout and eel that the 28 kDa protein 
d isap p ea red  a lm ost  co m p le te ly  from CS 
tissue hom ogenates  after  CaCU injection. 
Typically, the 28 kDa protein consti tu tes  
20% of the total am ount of  protein present 
in the CS tissue hom ogenate  of  these fish, 
as derived from analysis o f  the area under  
the curve of  the densi tom etr ic  scans of  the 
si lver-stained SDS gels. A dens i tom etr ic  
scan after S D S -P A G E  of a crude tissue ho ­
m o g en a te  o f  N aC l- in jec ted  fish did not 
differ from a control CS tissue hom ogenate .
E lec t ro n  m ic ro g ra p h s  (Figs.  3 and  4) 
show that the CS of  the un trea ted  and the 
NaCl-injected fish contain an abundance  of
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6 7  45  3 0  25 12 m ( k D a )
F i g . 2 . Densi tom etr ic  scan o f  s i lver-s ta ined CS 
crude homogenates  of  NaCI- (C) or CaCU- (E) injected 
eel and trout after S D S -P A G E .  Absorbance  is shown 
a s  percentage of  maximum peak height ( = I00%). Mo­
lecular weights (m) of  protein markers  are given on the 
horizontal axis.
A (%)
28 kDa
tilapia
gold fish
carp
brook trout 
> —
67  45  30 25 12 m ( k D a )
F i g . I. Densi tometr ic  scan of  s i lver-stained CS 
c rude  hom ogena te s  af ter  S D S - P A G E  o f  goldfish,  
carp,  tilapia, and brook trout. Arrow indicates 28 ±  2 
kDa peak for all species. Absorbance is shown as per­
c e n ta g e  o f  m a x im u m  peak  height  ( = 1 0 0 %) and 
co r re sponds  to the amount  o f  material.  Molecular  
weights (m) of protein markers are given on the hori­
zontal axis.
large sec re to ry  granules .  T hese  granules  
are typical for the type I cells (W endelaar  
Bonga el cil., 1976; Meats el c i l 1978). The 
cells of  the CS o f  the CaCU-injected fish are 
almost devoid of  these secre tory  granules.
Total p lasm a calc ium  levels increased  
significantly in the CaCU-injected trout and 
eel (2.47 ± 1 . 1 2  to 3 .1 0 ”± 0.30 and 3.08 ± 
0.16 to 6.14 ± 0.41 mM, respectively), hut 
w e re  u n c h a n g e d  in th e  N a C l - i n j e c t e d  
controls .  Plasma osmolality and hlood pH 
did not change significantly in ei ther  group.
Figure 5 shows a crude tissue homoge- 
n a te  o f  t r o u t  a f t e r  S D S - P A G E  u n d e r  
reducing and nonreducing conditions. Fig­
ure 5 (top) shows that this product has an
apparent  molecular  weight of  28 kDa only 
a f t e r  e l e c t r o p h o r e s i s  u n d e r  r e d u c i n g  
condit ions.  Surprisingly, under  n o n re d u c ­
ing condit ions this product show ed an a p ­
parent m olecular  weight of approx im ate ly  
54 kDa (Fig. 5 bottom).
Iso la tio n .  Figure 6 show s a densi tom etr ic  
scan after  S D S -P A G E  of  a c rude  CS tissue 
h o m o g e n a t e  a n d  th e  f r a c t i o n s  a f t e r  
isolation. As shown the major const i tuen t  
o f  the Con A binding material has an a p p a r ­
ent molecular  weight of approx im ate ly  18 
kD a u n d e r  r e d u c in g  c o n d i t io n s  (F ig .  6 
bottom ).  A m inor  co n tam in a t io n  (with a 
molecular  weight o f  approx im ate ly  55 kDa) 
is observed  in this fraction; this c o n ta m in a ­
tion is present in considerab le  am oun ts  in
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F i g . 3. Electron micrographs of  CS of NaCI- (C) or CaCL- (E) injected trout; C, type 1 cells, with 
many large secretory granules; E, type I cells devoid of  secretory granules (15,000x ).
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F i g . 4. Electron micrographs of CS of NaCl- (C) or CaCU- (E )  injected eel; C, type I cells, with 
many large secretory granules; E, type I cells devoid o f  secretory granules (15,000x).
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A ( % )__________
28 kDa
67 4 5  3 0  25  12 m ( k D a  )
F i g . 5. Densi tometr ic  scan of  s i lver-stained CS 
crude hom ogena tes  o f  NaCl-  (— ) and C aC l2- (•••) 
injected trout after S D S -P A G E  under  reducing (top) 
and nonreducing (bottom) conditions. Absorbance is 
s h o w n  as p e r c e n t a g e  o f  m a x im u m  p eak  height  
( = 100%). Molecular weight (m) of  protein markers are 
given on the horizontal axis.
the residue. The residue,  how ever ,  does 
not c o n ta in  the  p ro d u c t  p re se n t  in the 
isolated fraction (18 kDa), or  the products  
that are released from the CS after calcium 
in jec t ions  (28 kDa).  U n d e r  non reduc ing  
condit ions (Fig. 6 top) the Con A binding 
material has a molecular  weight o f  app rox ­
imately 41 kDa.
Prote in  analysis o f  the isolated fractions 
showed that from a tissue homogenate  of 
100 mg dry wt of  CS (with a protein content 
o f  25.3 ± 3 . 6  mg) 3.07 ±  0.56 mg (12%) of 
isolated product  and 6.19 ±  0.84 mg (24%) 
of  residue protein was recovered  (/? = 15).
R e v e r s e d - p h a s e  H P L C  a n a ly s e s  p e r ­
formed to purify fur ther  the Con A binding 
material yielded a single symmetrical peak 
at 50% acetonitr i le ,  indicating high polarity 
of  the product.  A minor peak eluted at 35%
acetonitrile ,  representing  less than 5% of 
the total am ount of  protein. The 50% a c e ­
tonitrile peak has an apparen t  m olecular  
weight o f  54 kDa (Fig. 7).
A m in o  acid  analysis  a n d  carbohydra te
•>
analysis.  Figure 8 shows the sequence  of 
the  f i r s t  33 N - te rm in a l  a m in o  a c id s  o f  
ra inbow trout isolated Con A binding p ro d ­
uct. No differences in the N-terminal amino 
acid sequence  were observed  be tw een  the 
28 and the 18 kDa product.  At position 7 
ser ine  and g lu tam ic  acid w ere  d e te c te d  
consistently  indicating a m ic rohe te rogene­
ity in these products .  Position 29 could not 
be identified due to a high polarity o f  this 
site. This indicates the p resence  of  a sugar 
res idue  linked to the am ino  acid chain .  
C a rb o h y d ra te  ana lys is  revea led  that  the
6 7  4 5  3 0  25  12 m ( k D a )
F i g . 6 . D ens i tom etr ic  scan o f  s i lver-s ta ined CS 
crude homogenates  (— ), residue (•••), and isolated 
p r in c ip le  ( — ) a f t e r  S D S - P A G E  u n d e r  r e d u c in g  
cond i t ions  (bot tom).  Iso la ted  principle  (— ) af te r  
S D S -P A G E  under nonreducing condit ions (top). A b ­
sorbance is shown as percentage of  maximum peak 
height (= 1 0 0 % ) .  Molecular  weights (m) o f  protein 
markers are given on the horizontal axis.
28  kDa
18 kDa
26 L A F E B E R  ET AL
r A (%)
SDS-PAGE
V
- i ------Lm
67 45 30 25 12
m (kDa)
°/oB
100
0
0 5 10 15 20
e lu t ion  t ime (min)
F i g . 7. H PL C  analysis of  the Con A isolated C'S 54 
kDa product.  Gradient (percentage of the acetonitrile 
containing solvent B) is shown (•••). Elution time is 
given on the horizontal axis. Absorbance is shown in 
percen tages .  Insert :  D ens i tom etr ic  scan of  silver- 
stained fraction (indicated in the H PLC  ch ro m a to ­
g r a m )  a f t e r  S D S - P A G E  u n d e r  n o n  r e d u c i n g  
conditions. Absorbance is shown in percentages.  Mo­
lecular weight (m) of protein markers are given on the 
horizontal axis.
s u g a r  r e s i d u e  c o n s i s t e d  o f  m a n n o s e ,  
galactose,  and glucosamine, in the ratio of 
l : l :2. The total sugar content made up 12% 
of  the 54 kDa protein on a weight basis.
DISCUSSION
In this study we show the isolation o f  a 
g lycopro te in  from the CS o f  trou t .  This 
product is the hypocalcemic factor  o f  the 
CS since the release of  this glycoprotein 
from the CS is stimulated substantially and 
specifically upon exper im enta l ly  induced 
increase of  the blood calcium levels. Fur-
inhibits branchial calcium influx in trout,  
which has been suggested to be the main 
effect o f  the CS hypoca lcem ic  ho rm one  
(Lafebcr  et a l . , 1986b). Because o f  its high 
molecular  weight we will fu r ther  call this 
hypocalcem ic  glycoprotein  from the CS of  
t r o u t  ‘ ' h y p o c a l c i n . ' ’ T h i s  n a m e  w a s  
p roposed  for a CS hypocalcemic principle 
with a molecular  weight above 10 kDa by 
Pang et al. (1974, 1981), w hereas  the name 
teleocalcin was first given to a hypocalce-  
mic principle with a m olecular  weight o f  3 
kDa isolated from the CS o f  salmon (Ma 
and Copp, 1978).
Hypocalcin  is present in relatively large 
am oun ts  in the CS o f  the six f re sh w a te r  
species investigated. We conclude  that hy ­
pocalcin, which appears  as a 54 kDa band 
upon S D S -P A G E ,  is com posed  o f  tw o s im ­
ilar subunits  that appea r  as a 28 kDa band 
u p o n  S D S - P A G E  u n d e r  r e d u c i n g  
conditions.  We fur ther  conclude  that during 
isolation using Con A ch rom atog raphy  the 
C-terminal part is split off o f  the two su b ­
units resulting in the appea ran ce  o f  an 18 
kDa band upon S D S -P A G E  under  reducing 
condit ions.  After S D S -P A G E  under  n o n re ­
ducing condit ions this p roduct  appears  as a 
d im er identified as a 41 kDa band. The fol­
lowing a rg u m e n ts  have  led us to th e se  
conclusions.
C orpusc les  of S tannius  o f  most f re sh w a­
ter teleost contain  two different cell types: 
type 1 cells, which predom inate  in num ber  
and contain  the large secre to ry  granules ,  
and type 2 cells, which conta in  the small 
secre to ry  granules (see review by W ende-  
laar Boima and Pan^, 1986). In the litera-
th e rm o re  it is sh o w n  tha t  this p ro d u c t  ture,  type 1 cells are p resum ed  to contain
Phe-Ser-Ser-Asn-Ser-PrcKcH.’.'~AsD-Val - Ala-Arg-Cys-Leu-Asn-Gly-Ala-Leu-Ala-Val-Gly- 18 k o a /
Cys-Gly-Thr-Phe-Ala-Cys-Leu-Glu-Xxx-Ser-Thr-Cys-Asp- /  
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- / -------
Phe-Ser-Ser-Asn-Ser-Pro-’Tf -AsD-val-Ala-Arg-Cys-Leu-Asn-Gly-Ala-Leu-Ala-Val-Gly- 18 kDa/
Cys-Gly-Thr-Phe-Ala-Cys-Leu-Glu-Xxx-Ser-Thr-Cys-Asp- /
------------------------------------------------------------------------------------------------------------------------------------------------------ / —
28 kDa
28 kDa
41 kDa
F i g . S. N-terminal amino acid sequence of  trout (Sul/no gairdneri) hypocalcin shown in a diagram 
of the suggested molecular form of  the hormone.  Position 7 shows two amino acids detected in equal 
amounts .
54 kDa
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the hypocalcem ic  principle, since only type 
1 cells respond to changes in external cal­
cium concen tra t ion  (W endelaar  Bonga et 
a l . , 1976, 1980; M eats  et cil.} 1978). In the 
present s tudy we show ed that an exper i­
mentally induced increase in p lasma calci­
um was accom panied  by massive release of 
the granules of  the type 1 cells, as well as by 
the almost com plete  d isappearance  of the 
28 k D a  p r o d u c t  f r o m  th e  C S .  T h e s e  
observa t ions  lead to the conclusion that the 
isolated product  represen ts  the hypoca lce­
mic principle of  the CS.
The presen t  observation  on the m olecu­
lar weight o f  28 kDa for the hypocalcemic 
principle o f  trout and eel are in agreem ent 
with previous reports  from our  laboratory 
on the molecular  weight of  the CS hypo­
calcemic principle of  the tilapia O. mossci- 
m b icn s  (W endelaar  Bonga et a l ., 1985). A 
similar 28 kDa product is present in rela­
tively large am oun ts  in the CS of all species 
investigated in the present study. This 28 
kDa product  is syn thes ized  and released 
during in vitro incubations of tilapia CS, as 
was shown by radioactive amino acid incor­
poration exper im ents  (W endelaar  Bonga et 
al., 1985). N ever the less  we propose  that 
the hypocalcem ic  principle of CS is a 54 
kDa glycoprotein .  An apparen t  molecular 
weight o f  28 kDa is, how ever ,  observed  
u p o n  S D S - P A G E  u n d e r  r e d u c in g  c o n ­
ditions.
H ow  does hypocalcin with an apparent  
m olecular  weight of 28 kDa, obtained by 
S D S - P A G E  u n d e r  red u c in g  c o n d i t io n s ,  
relate to the 54 kDa protein, obtained by 
S D S - P A G E  u n d e r  n o n r e d u c i n g  c o n d i ­
tions? We suggest that hypocalcin is co m ­
posed o f  two subunits  of similar molecular  
weight w hich  d is so c ia te  u n d e r  reduc ing  
condit ions.  The following results support  
this hypothesis .  U nder  reducing conditions 
the 54 kDa hypocalcin  appears  as a single 
band of  28 kDa. F u r the rm ore ,  the results of 
the amino acid sequence  analysis also point 
to  t h e  p r e s e n c e  o f  a l m o s t  i d e n t i c a l  
s u b u n i t s .  T h is  a m in o  ac id  a n a ly s i s  is
performed under  reducing condit ions.  This 
implies that amino acid sequence  analysis 
of  the 54 kDa hypocalcin in fact concerns  
analysis  o f  the 28 kDa subunits .  Only a 
single N-terminal sequence  is obta ined .  An 
identical sequence  is obta ined  after  analysis 
of  the isolated 41 kDa hypocalcin ,  which 
a c tu a l ly  r e p r e s e n t s  the  N - t e r m in a l  s e ­
quence  o f  the 18 kDa subun its  ob ta ined  
u n d e r  red u c in g  c o n d i t io n s .  H o w e v e r ,  a 
c o n s i s t e n t  m i c r o h e t e r o g e n e i ty  w as  o b ­
served at position 7 of native 54 kDa as well 
as the isolation variant,  the 41 kDa product .  
We suggest therefore  that trout hypocalcin 
consists  o f  two similar subunits  that only 
differ at position 7. The high incidence of  
cys te ines  (4 in the N -term inal  33 am ino  
ac ids)  m a k e s  the  p r e s e n c e  o f  d isu lf ide  
bridges be tw een  the two subunits  in the 
native molecule likely. From  their recent 
work on the salmon hypocalcem ic  princi­
ple, W ag n e r  and co l leag u es  (1986) a lso  
c o n c l u d e d  th a t  th e  s a l m o n  C S  h y p o ­
calcemic principle could be com posed  of 
two subunits.
Isolation of hypocalcin yields a band of 
41 kD a  a f te r  S D S - P A G E  u n d e r  n o n r e ­
ducing cond i t ions ,  and of  18 kD a under  
reducing conditions. These  purified 41 and 
18 kDa products  are obviously  related to 
the 54 and 28 kDa products  observed  in 
freshly prepared  hom ogenates  of CS tissue. 
We suggest that the 18 kDa product  is the 
N-terminal part o f  the 28 kDa product .  The 
following results support  this hypothesis .  A 
tissue hom ogenate  containing the 28 kDa 
hypocalcin yields an 18 kDa product  upon 
isolation. The residue is consis ten t ly  d e ­
void of both the 28 kDa and the 18 kDa 
produc t .  F u r th e rm o re ,  for still unknow n  
reasons in about 1 out of  10 isolations only 
a 28 kDa product  is isolated instead of  an 18 
kDa product  and under  nonreducing  c o n ­
ditions only a 54 kDa product  is obta ined 
instead  o f  a 41 kD a p roduc t .  P ro longed  
storage of lyophilized CS tissue does result 
in the d isappearance  of  the 28 kDa hyp o ­
calcin and the concom itan t  appea rance  of
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an 18 kDa product.  Although our  isolation 
is carried out at 0° we assum e that endoge­
nous pro tease  activity conver ts  hypocalcin 
from the 28 kDa to the 18 kDa product.  
Perhaps  the most convincing evidence for 
the suggested relationship betw een  the 28 
and 18 kDa products  is the fact that amino 
acid  s e q u e n c e  ana lys is  o f  both  purif ied 
p roduc ts  reveals  identical results  for the 
first 33 N-terminal amino acids determined 
so far (see below'). Therefore  the 18 kDa 
product must be a N-terminal portion of  the
28 kDa molecule which is split off  during 
the isolation procedure .
H y p o c a lc in  in the  i s o la te d  f r a c t i o n ,  
o b ta in e d  by C on  A c h r o m a to g r a p h y  is 
slightly con tam ina ted ,  as is shown by S D S -  
PA G E  as well as by H P L C  analysis. On 
SDS gel these con tam inan ts  (less than a 
few' pe rcen t  on pro te in  basis) are a b u n ­
dantly present  in the residue. The hom oge­
neous “ 50% acetonitrile  p e a k "  collected by 
reversed-phase  H P L C  analysis appears  to 
be hypocalcin  and to be free of co n tam ­
inants.
The molecular  weight o f  41 kDa o f  the 
trout isolated product is very close to the 
molecular  weight o f  39.3 kDa reported  for 
the presum ptive  hypocalcemic factor  from 
the CS of salmon (W agner et a l 1986). We 
show' here ,  h o w ev er ,  that the m olecu la r  
weight o f  the 41 kDa product isolated from 
trout is an artifact and that the native p rod­
uct is a molecule of  54 kDa. It is possible 
tha t  the  m o le c u la r  w eigh t  o f  39.3 kD a 
reported  for the hypocalcemic principle of 
salmon also applies to the N-terminal part 
o f  a larger molecule.
The first 33 am ino acids of trout hypo­
calcin show rem arkable  overlap  w'ith the 
first 19 amino acids of the isolated g lyco­
protein from salmon reported by W agner et 
al. (1986) and the amino acid sequence of 
the CS principle of  eel (A. Butkus, personal 
com m unication) .  Differences with salmon 
w ere  found  only on pos i t ions  3 and 18 
where  serine and alanine are substi tu ted for 
proline and aspartic  acid, respectively. For 
eel, differences were found at the same and
at five additional positions (position, trout/  
eel; 3, Ser/Ala; 4, Asn/Ser;  18, Ala/Glu; 21, 
Gly/Ser; 22, Thr/Ala; 28, Gin/Asp; 33, Asp/ 
Asn). All su b s t i tu t io n s  cou ld  be due  to 
single mutations,  excep t  for Ala and Gin, 
position 18 for trout and eel, respectively .  
For  salmon the amino acid on position 12 
has not been identified. For  trout hypoca l­
cin, a cysteine is found on position 12. For  
salmon no cyste ines  were de tec ted  (W ag­
ner et al., 1986). T herefore ,  it may well be 
that salmon hypocalcem ic  principle has a 
cys te ine  on posit ion 1 2 , and that  d if fer­
ences in the first 19 amino acids exist only 
at positions 3 and 18.
The amino acid on position 29 could not 
be de term ined  for ou r  isolated trout h y p o ­
ca lc in  due  to the  high p o la r i ty  o f  th is  
position. This indicates the p resence  o f  a 
c a r b o h y d r a t e  c h a i n .  S u p p o r t  f o r  th i s  
h y p o th e s is  c o m e s  from  the f inding tha t  
position 31 is a th reonine ,  since linkage of  
/V-acetylglucosaminc to aspartic  acid (the 
most com m on binding) requires a sequence  
A sn-X xx-T hr /Ser  (Bahl and Shah ,  1977). 
C onsequen tly ,  this would result in an Asn 
on position 29. F o r  eel, on this position an 
Asn is also found  (A. B u tkus ,  pe rsona l  
com m unica t ion) .  P resen t ly ,  how ever ,  we 
can not exclude the possibility of  an oli­
g o s a c c h a r id e  O -l inked  to th is  p o s i t io n ,  
which indicates the presence  of  a serine or 
threonine. The ratio of  m annose ,  galactose ,  
and glucosamine ( 1 : 1 :2 ) that we found for 
t r o u t  d e v i a t e s  f ro m  th e  c a r b o h y d r a t e  
composit ion  o f  the hypocalcem ic  principle 
of  salmon (W agner et al., 1986). We found 
a higher conten t  o f  galactose  and did not 
detect any glucose.
Lopez .  M ilet . and co-w orkers  (L opez  ei 
a l 1986: Milet et al.,  1986; T is se ran d -  
Jochem  et al., 1986) suggested that in the 
CS o f  eels of g lycopro te in  is co sec re ted  
with a p ro te inaceous  hypocalcem ic  princi­
ple, and that this g lycoprotein  is similar to 
secre tory  protein-1 (S P - 1 ) from the p a ra ­
th y ro id s  o f  t e r r e s t r i a l  v e r t e b r a t e s .  We 
showed how ever  that the isolated g lycopro ­
tein of trout is hypocalcem ic  and possesses
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PTH-like bioactivity (Lafeber  et cil., 1986a, 
b). In this respect our  results on trout are in 
line with those of  W agner et al. (1986) on 
salmon, who also concluded the hypocalce- 
mic product  is a glycoprotein.
ACKNOWLEDGMENTS
This study was supported by the Foundation for 
Fundamental  Biological Research (BION). which is 
subsidized bv the Dutch Organizat ion for the Ad- 
vancem en t  o f  Pure Research  (ZWO).  Amino acid 
sequence analyses  were performed at the University 
of  Leiden (The Netherlands) bv Dr. R. Amons and 
were supported by the Dutch Organization for the Ad­
v a n c e m e n t  o f  Pure R esea rch  (ZWO) through  the 
Dutch Foundation for Chemical Research (SON).
REFERENCES
Bahl, O. P., and Shah, R. H. (1977). Glycoenzymes 
and glycohormones.  In “ The Glycoconjugates” 
(M. 1. Horowitz  and W. Pigman, Eds.),  pp. 123— 
456. Academic Press, New York.
B a u c h o t ,  R. (1953) .  A n a t o m i e  c o m p a r é e  d e s  
co rpusc le s  de S tann ius  chez  les T é léo s téen s .  
Arch. Zool. Exp. Gen. 89, 147-169.
Copp,  D. H.,  Ma, S. W. Y., Qui. M.-C, Sim, M., and 
Szeto.  K. (1985). Role of the pituitary and the 
corpuscles  o f  Stannius and teleocalcin in calcium 
regulation in teleosts. In “ Current  Trends in C o m ­
parative Endocr inology"  (B. Lofts, and W. N. 
Holmes,  Eds.),  pp. 819-821, Hong Kong Univ. 
Press, Hong Kong.
Dutton, G. G. S., Mackie,  K. L.,  Savage, A. V., and 
Stephenson,  M. D. (1978). Structural investiga­
tions of  the capsular  polysaccharide of  Klebsiella 
serotype K23. Carbohydr. Res. 6 6 , 125-131. 
Fenwick,  J. C. (1982). Some evidence concerning the 
n a t u r e  o f  th e  h y p o c a l c e m i c  f a c t o r  in the  
corpuscles  of  Stannius.  In “ Comparat ive Endo­
crinology of  Calcium Regulation" (C. Oguro, and 
P. K. T. Pang, Eds.),  pp. 167-172, Japan.  Sci. 
Press,  Tokyo.
Fenwick,  J. C. (1987). The gill. In “ Vertebrate Endo­
c r i n o l o g y ,  F u n d a m e n t a l s  a n d  B i o m e d i c a l  
Implications" (P. K. T. Pang and M. P. Schreib- 
nian, Eds.),  Vol. 3. Academic Press, New York, 
in press.
Fontaine,  M. (1964). Corpuscles  de Stannius et regu­
lation ionique (Ca, K, Na) du milieu intérieur de 
l 'Anguille (Anguilla anguilla L.). C.R. Acad. Sci. 
Paris D 259, 875-878.
Fontaine,  M. (1967). Intervention des corpuscles de 
S tann ius  dans  l ’équil ibre  phosphoca lc ique  du 
milieu intérieur du poisson téléostéen l’anguille. 
C.R. Acad. Sci. Paris D 264, 736-737.
F r iedm an ,  M.,  Zahnely ,  J. C. ,  and W agner ,  J. R.
(1980). Estimation of the disulfide content  o f  t ryp­
sin inhibitors as 5-(3-(2-pyridylethyl)-L-cysteine. 
Anal. Biochem. 106, 27-34.
K r i s h n a m u r th y ,  V. G. (1976). C y to p h y s io lo g y  o f  
corpuscles of  Stannius.  Int. Rev. Cytol. 46, 177— 
249.
K r i s h n a m u r t h y ,  V. G . ,  and  B ern ,  H. A. (1969). 
Correlative histological study on the corpuscles  of 
Stannius and the juxtaglomerular  cells of  teleost 
fishes. Gen. Comp. Endocrinol. 13, 313-335.
L a e m m l i ,  U. K. (1970).  C l e a v a g e  o f  s t r u c t u r a l  
proteins during the assembly of  the head of  the 
bacteriophage T4. Nature  (London ) 227, 680-684.
L a f e b e r ,  F. P. J. G . ,  F l ik ,  G . ,  H e r m a n n - E r l e e ,  
M. P. M., and Wendelaar  Bonga, S. E. (1986a). 
PTH like effects o f  an isolated glycoprotein from 
Stannius corpuscles of trout. In “ Proceedings of 
the IXth International Conference  on Calcium 
Regulat ing H o rm o n e s  and Bone M etabo l i sm ,
1986, Nice, F ran ce ,"  p. 334.
Lafeber,  F. P. J. G.,  Flik, G.,  Perry, S. F.,  and W en­
delaar Bonga, S. E. (1986b). Hypocalcin induced 
changes in branchial calcium fluxes of  trout in 
vitro. In “ Proceedings of the IXth International 
Conference on Calcium Regulating H orm ones  and 
Bone Metabolism, 1986, Nice. F ra n c e ,"  p. 368.
Lafeber,  F. P. J. G.,  Schaefer,  H. I. M. B., Herrman- 
Erlee,  M. P. M., and W ende laa r  Bonga, S. E. 
(1986c). PTH-like effects of  rainbow trout S tan­
nius products  on bone resorption of  embryonic  
mouse calvaria in vitro. Endocrinology 119, 2249-
2255.
Lopez,  E.,  Tisserand-Jochem. E., Eyquem, A.,  Milet, 
C . ,  Hill y a r d , C . ,  La l l ie r ,  F . ,  Vidal ,  B.,  and 
MacIntyre,  I. (1981). Detection immunocytochi-  
m iq u e  d a n s  les c o r p u s c l e s  de S t a n n i u s  de 
I'anguille (Anguilla anguilla L.) d 'une  hormone 
proche de I 'hormone parathyroidienne mammali- 
enne. C.R. Acad. Sci. Paris 293, 707-711.
Lopez.  E., T isserand-Jochem, E., Eyquem, A.,  Milet,
C . ,  H i l lyard ,  C . ,  Lal l ier ,  F . ,  Vidal ,  B.,  and 
M a c I n t y r e ,  I. (1984).  I m m u n o c y t o c h e m i c a l  
d e te c t io n  in eel c o r p u s c l e s  o f  S tan n iu s  o f  a 
m a m m a l ia n  p a r a th y r o id - l i k e  h o r m o n e .  Gen. 
Comp. Endocrinol. 25, 28-36.
Lopez,  E.,  Tisserand-Jochem, E.,  Milet, C.,  Vidal, 
B., Eyquem, A., and Cohn. D. V. (1986). C ose ­
cretion of  parathyrin o f  Stannius corpuscles  (PCS) 
and of the secretory glycoprotein induced by hy­
percalcemia in eel. In “ Proceedings of the IXth 
International Conference on Calcium Regulating 
H orm ones  and Bone Metabol ism,  1986, Nice,  
F ran ce ,"  p. 366.
Ma, S. W. Y., and Copp,  D. H. (1978). Purification, 
properties and action of  a glycoprotein from the 
corpuscles of  Stannius,  which affect calcium me­
t a b o l i s m  in the  t e l e o s t .  In “ C o m p a r a t i v e  
Endocr inology"  (P. J. Gaillard and H. H. Boer,
30 L A F E B E R  ET AL.
Eds.),  pp. 283-286. Elsevier-North-Holland,  A m ­
sterdam.
M e a t s ,  M.,  In g lc to n ,  P. M . ,  C h e s t e r  J o n e s ,  I.. 
Garland,  FI. (). ,  and Kenyon,  C. J. (1978). Fine 
structure of  the corpuscles of  Stannius o f  the trout 
Salmo gairdneri: Structural changes in response 
to increased  env ironm en ta l  salinity and calc i­
um ions. Gen. Comp. Endocrinol. 36, 451-461.
Milet,  C. ,  Hil lyard,  C. J . ,  Martelly,  E.,  Char t ie r ,  
M. M.. Girgis, S., McIntyre,  I., and Lopez, E. 
(1982). A pa ra thy ro id - l ike  h o rm o n e  from eel 
corpuscles  o f  Stannius which exhibits hypocal- 
caemic action. In “ Comparat ive  Endocrinology 
of  Calcium Regulation“ (C. Oguro and P. K. T. 
Pang. Eds.),  pp. 181-185. Japan.  Sci. Soc. Press. 
Tokyo.J
Milet, C. ,  Hillyard. C. J. ,  Martelly, E.,  Girgis, S., 
McIntyre,  L, and Lopez,  E. (1980). Similitudes 
s tructurales entre I’hormone hypocalcemiante des 
corpuscles  de Stannius (PCS) de I'anguille (An­
guilla anguilla L.) et 1‘hormone parathyroidienne 
mammalienne.  C.R. Acad. Sci. Paris I) 291, 977- 
980.
Milet, C.,  Martelly. E., and Lopez,  E. (1986). The 
parathyrin of  the eel corpuscles o f  Stannius (PCS) 
is a larger molecule than the mammalian para thy­
rin. In “ Proceedings o f  the lXth International 
Conference on Calcium Regulating Hormones  and 
Bone Metabolism, 1986, Nice. F rance ."  p. 374.
Morrissey.  J. H. (1981). Silver stain for proteins in 
polyacrylamide gels: A modified procedure with 
enhanced  uniform sensit ivi ty.  Anal. Biocliem. 
117, 307-310.
Pang, P. K. T. (1973). Endocrine control of  calcium 
metabolism in teleosts. Amer. Zool. 13, 775-792.
Pang. P. K. T..  Pang. R. K.,  Liu. V. K. Y.. and Sok- 
abe, H. (1981). Effects of fish angiotensins and 
angiotensin like substances  on killifish calcium 
regulation. Gen. Comp. Endocrinol. 43, 292-298.
Pang. P. K. T. ,  Pang, R. K., and Sawyer,  H. (1973). 
Effects of  environmenta l  calcium and replace­
ment therapy on the killifish (Fundulus heterocli- 
m s ) after surgical removal of the corpuscles of 
Stannius.  Endocrinology 93, 705-710.
Pang, P. K. T.,  Pang, R. K., and Sawyer,  H. (1974). 
Environmental  calcium and the sensitivity of  kil­
lifish (Fnndnlns heteroditus)  in bioassays for the 
hypocalcemic  response  to Stannius  corpuscles  
from killifish and cod (Gadus morhua). Endocri­
nology 94, 548-555.
Roelfzema. H.,  and Van Erp. P. E. J. (1983). Glyco­
protein  com pos i t ion  o f  psoriat ic  ep iderm is  in 
relation to growth control.  J. Invest. Dermatol. 
80, 20-28.
So, Y. P., and Fenwick,  J. C. (1977). Relationship be­
tween net 45Ca influx across  a perfused isolated
eel gill and the development of  posts tanniectomy 
hypercalcemia.  J. Exp. Zool. 200, 259-264.
So. Y. P., and Fenwick,  J. C. (1979). In vivo and in 
vitro effects of  Stannius corpuscles  extracts  on 
the branchial uptake o f  4SCa in s tanniectomized 
North American eels (Anguilla rostrata). Gen. 
Comp. Endocrinol. 37, 143-149.
Stannius,  F. H.,  (1839). Ueber  Nebenniere  bei Kno- 
chentlshen.  Arch. Anat.,  pp. 97-101.
Tisserand-Jochem, E.,  Lopez,  E.,  Peignoux-Deville.  
J..  Milet, C. ,  Eyquem. A., Cohn,  D. V., and Win­
kler, H. (1986). Chromogranin-A reactivity in the 
C-cells of  the ultimobranchial bodies (UBB) and 
the Stannius corpuscles  (SC) of  the European  eel 
d e m o n s t r a t e d  by  i m m u n o c h e m i s t r y .  In  
“ Proceedings of  the IXth International Confer­
ence on Calcium Regulating H orm ones  and Bone 
Metabolism, 1986, Nice, F ra n c e ,”  p. 377.
Verbost ,  P. M., Hanssen ,  R., Lafeber ,  F. P. J. G.,  
Flik. G.,  Pang, P. K. T. ,  Pang, R. K.,  and Wen- 
delaar  Bonga, S. E. (1986). Hypocalcemic effects 
of  PTH in teleost fish. In “ Proceedings of  the 
IXth International Conference on Calcium Regu­
lating H orm ones  and Bone Metabol ism, 1986. 
Nice. F ra n c e ,"  p. 181.
W agner ,  G. F . ,  H am p o n g ,  M.,  Park ,  C. M.,  and 
Copp,  D. H. (1986). Purification, cha rac te r i sa ­
tion, and bioassay of  teleocalcin a glycoprotein 
from salmon corpuscles  o f  Stannius.  Gen. Comp. 
Endocrinol. 63, 481—491.
Wendelaar  Bonga, S. E.,  Greven,  J. A. A., and Veen- 
huis ,  M. (1976). T he  re la t ion  b e tw e e n  ionic 
composit ion o f  the environment  and secretory a c ­
tivity o f  the endocr ine  cell types  o f  S tannius  
corpuscles  in the teleost Gasterens aculeatus. 
Cell Tissue Res. 175, 297-312.
Wendelaar  Bonga, S. E.,  and Pang, P. K. T. (1986). 
Stannius corpuscles.  In “ Vertebrate  Endocrinol­
ogy, Fundamentals  and Biomedical Implications'" 
(P. K. T. Pang and M. P. Screibman,  Eds.),  Vol. 
1, pp. 439—464. Academic Press,  New York.
W ende laa r  Bonga,  S. E. ,  Pang,  R. K.,  and Pang, 
P. K. T. (1986). Hypocalcemic effects of bovine 
P T H d - 3 4 )  and Stannius corpuscles  homogenates  
adapted to low-calcium water .  J. Exp. Zool. 240, 
363-367.
Wendelaar  Bonga. S. E.,  Van der  Meij, J. C. A.,  and 
Pang, P. K. T. (1980). Evidence for two secretory 
cell types in the Stannius bodies of the teleost 
Fnndnlns heteroditus  and Caras sins an rat us. Cell 
Tissue Res. 212, 295-306.
Wendelaar  Bonga, S. E.,  Van Eys, G. J. J. M.,  Flik,
G.,  Lowick,  C. W. G. M.. and U chiyam a,  M. 
(1985). Structure,  function and biosynthetic ac t iv­
ity o f  the te leos t  c o rp u s c le s  o f  S ta n n iu s .  In 
“ Current Trends  in Comparat ive  Endocr ino logy” 
(B. Lofts and W. N. Holmes,  Eds.),  pp. 819-821. 
Hong Kong Univ. Press,  Hong Kong.
